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It is unclear whether unintended pregnancies are associated with adverse outcomes. Data
are predominantly from high-income countries and have methodological limitations, calling
the findings into question. This research was designed to overcome these limitations and
assess the relationships between pregnancy intention and miscarriage, stillbirth, low birth-
weight, neonatal death and postnatal depression in a low-income country.
Methods
The pregnancy intention of 4,244 pregnant women in Mchinji District, Malawi, was mea-
sured using the validated Chichewa version of the London Measure of Unplanned Preg-
nancy (LMUP). Women were re-interviewed postnatally to assess pregnancy outcome.
Postnatal depression was assessed using the WHO’s Self-Reporting Questionnaire. Multi-
variable regressions were conducted, with the choice of confounders informed by a pre-
existing conceptual epidemiological hierarchy.
Results
Planned pregnancies are associated with a reduced risk of any (adjusted RR 0.90 [95%CI
0.86, 0.95]) or high symptoms of depression (adjusted RR 0.76 [95%CI 0.63, 0.91]) com-
pared to unplanned pregnancies in rural Malawi. There was no relationship between preg-
nancy intention and the composite measure of miscarriage, stillbirth, low birthweight and
neonatal death. There was some evidence that greater pregnancy intention was associated
with reduced adjusted risk of stillbirth (0�93 [95%CI 0�87, 1�00]).
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Conclusion
Our study is the first to use a psychometrically valid measure of pregnancy intention, and to
do so antenatally. As pregnancy intention increases, the risk of postnatal depression and,
possibly, stillbirth decreases. This suggests a new, clinical use for the LMUP; identifying
women antenatally who are at risk of these adverse pregnancy outcomes.
Introduction
Unintended pregnancies may pose an increased risk to both mother and baby but the evidence
on this is inconclusive [1], largely due to the methodological problems faced in the investiga-
tion of relationships between pregnancy intention and maternal and child outcomes. Two key
challenges are accurate assessment of pregnancy intention and adequate adjustment for con-
founding factors.
Most estimates of the levels of unintended pregnancy in low-income countries are derived
from surveys such as the Demographic and Health Survey (DHS). This asks ‘At the time you
became pregnant did you want to become pregnant then, did you want to wait until later, or
did you want to have no (more) children at all?’. These questions were devised before psycho-
metric, or latent variable measurement methods, were widely adopted in health research and
therefore classify pregnancies as intended or unintended on the basis of a single question, with
the inherent measurement error that will involve. In recent decades there has been discussion
of the limitations of the DHS style methodology and of the need for a more sophisticated way
of measuring pregnancy intention [2–9]. In response, the London Measure of Unplanned
Pregnancy (LMUP), a psychometrically validated measure of the degree of intention of a cur-
rent or recent pregnancy, has been developed [3]. The LMUP was designed following extensive
qualitative work with pregnant women to map the construct of pregnancy intention. The ensu-
ing conceptual framework guided the development of items which were then piloted, field-
tested and psychometrically evaluated to finalise the content of the LMUP. This groundwork
and measure development methodology mean that the LMUP should be a more accurate and
valid way of measuring pregnancy intentions. It is being used internationally [10–15] but,
despite being the only validated measure, has not yet superseded the DHS-type questions that
most studies continue to use.
In DHS and similar surveys, questions about pregnancy intention are asked of women up
to five years after the birth of a baby. This potentially introduces recall bias and overestimates
intention because reported intention tends to increase after delivery [16] and because miscar-
riages and induced abortions are omitted. Moreover, retrospective assessment of pregnancy
intention means that reported intention can be influenced by the outcome of pregnancy [17],
making distinction between cause and effect impossible.
Previous studies in this area have been inconsistent regarding which confounders are con-
trolled for, if any. For example, in six studies examining unintended pregnancy and low birth-
weight (LBW) no two studies controlled for the same combination of ‘confounders’, which
ranged from socio-demographics and obstetric history to uptake of antenatal care [18–23].
The findings of these studies were inconsistent. Consequently considerable uncertainty
remains as to whether pregnancy intention is independently associated with maternal, perina-
tal or neonatal outcomes.
The aim of this study is to fill the gap in our knowledge of relationships between pregnancy
intention and maternal, perinatal and neonatal health outcomes in a low-income country
Pregnancy intentions and outcomes: A cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0205487 October 18, 2018 2 / 16
decision to publish, or preparation of the
manuscript.
Competing interests: The authors have declared
that no competing interests exist.
setting. It overcomes previous methodological limitations by using the LMUP (a validated
measure) to assess intention during pregnancy and by following women up after the end of the
neonatal period to assess outcomes (to reduce recall bias and prevent pregnancy outcome
from influencing the reported intention). We collected data on a wide range of potential con-
founders and used previous evidence to develop a conceptual epidemiology hierarchy of the
determinants of pregnancy intention to inform our choice of variables in our multiple regres-
sion analyses. We hypothesised that unplanned pregnancies would be associated with worse
outcomes for mother and baby.
Methods
Study setting and design
The study was conducted in Malawi, a land-locked country in sub-Saharan Africa. Malawi is
one of the least developed countries in the world, ranking 170th out of 188 countries on the
most recent Human Development Index [24]. At the time of this study (2012–14) the maternal
mortality ratio and under five mortality rates were high (675 maternal deaths per 100 000 live
births and 112 child deaths per 1000 live births respectively) [25]. The total fertility rate was
5.7 children per woman and 26% of married women had an unmet need for family planning
[25]. Recent estimates suggest that 53% of pregnancies are unplanned, and that 30% of these
end in abortion (around 141,000 abortions in 2015 [26]), though this is illegal. Abortions
cause between 6–18% of maternal deaths in Malawi [27], meaning unplanned pregnancy is an
important contributor to maternal death.
The high total fertility rate, large proportion of unintended pregnancies and high levels of
mortality make Malawi an excellent setting for this research. Mchinji District is a rural district
in Malawi with a population of over 530 000, 23% of whom are women of child bearing age
(121 950). Around 90% of the population are subsistence farmers. In Mchinji the total fertility
rate was 6.3 children per woman, yet the total wanted fertility rate was 4.6 children per
woman, and there was a high unmet need for family planning (29.3% in married women) [25]
suggesting that there was a high proportion of unplanned pregnancies locally.
Family planning services are provided free of charge in Malawi through government health
facilities, and are available for purchase through private clinics such as ‘Banja la Mtsogolo’, a
Marie Stopes International Partner. There are 14 health facilities in Mchinji District; one Dis-
trict Hospital, one Mission Hospital, three community hospitals and nine health centres. On
average women live almost 6km from the nearest health facility; a distance they would likely
have to cover on foot, presenting time, travel and opportunity costs associated with accessing
family planning.
Previous research divided Mchinji District into 49 geographical areas [28]; from this sam-
pling frame a random sample of 25 areas were selected. Using the pre-existing district-wide
surveillance system, all pregnant women aged 15 and over in these areas were identified
between March and December 2013. A trained data collector visited the pregnant women at
home, gained written informed consent and conducted a 20-minute interview. Women were
eligible to participate at any point during their pregnancy. Pregnancy intention was measured
using the validated Chichewa version of the LMUP [29]. There are six questions in the LMUP,
covering contraceptive use, timing of pregnancy, intention, desire for a baby, partner discus-
sions and pre-pregnancy preparations. Each question is scored zero, one or two, thereby pro-
ducing a score on an ordinal scale of zero to 12. Each increase in score reflects an increase in
the level pregnancy intention. In the absence of a validated tool for assessing previous depres-
sion, we worked with experts in the field to devise four questions which were used to categorise
women as to the extent of possible previous depression. Women who experienced both low
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mood and anhedonia for more than two weeks in the year before they became pregnant were
considered most likely to have experienced previous depression (labelled as ‘both�2 weeks’ in
the tables). Those who experienced only one of these (one� 2 weeks), or who experienced
them for a period of less than two weeks (one/both < 2 weeks), were considered less likely to
have experienced previous depression and women who reported neither of these were the least
likely to have experienced previous depression. Intimate partner violence was assessed using
the Abuse Assessment Screen [30]. This asks about experience of emotional or physical abuse
ever, in the last year or while pregnant, as well as experience of sexual abuse.
Follow-up was conducted between May 2013 and July 2014. Women were re-visited at least
28 days after the end of the pregnancy to collect data on the outcome of the pregnancy. The
outcome of interest for the mother was postnatal depression which was assessed using the vali-
dated Chichewa version of the World Health Organization’s 20-question screening tool, the
Self-Reporting Questionnaire (SRQ) [31]. This asks about the presence or absence of some
symptoms of depression and anxiety in the preceding four weeks. For the child we used a com-
posite adverse pregnancy outcome measure of miscarriage (pregnancy lost before 28 weeks’
gestation), stillbirth (baby born with no signs of life at or after 28 weeks’ gestation), LBW (baby
born weighing less than 2,500g regardless of gestation) or neonatal death (baby born alive but
who dies within the first 28 days of life). No distinction was made between ante- and intrapar-
tum stillbirth as we had no reliable way to collect this information. These outcomes were cho-
sen because of their importance for maternal, perinatal and neonatal health, their higher
prevalence in low-income settings, the theoretical basis for a role of pregnancy intention in
influencing these outcomes and the feasibility of collecting reliable data on them.
Sample size
We estimated that 41% of pregnancies would be unplanned [32], there would be a prevalence
of 15% for both postnatal depression and the composite adverse pregnancy outcome variable
[25, 33–35] and a relative risk of 1.25 (prevalence of adverse outcomes 13.6% in planned and
17.0% in unplanned pregnancies) [36]. For 80% power at the 0.05 significance level the power
calculation indicated that 3,737 pregnancy outcomes were needed.
Statistical analysis
Multivariable relative risk regression was used for the binary adverse pregnancy outcome vari-
able, specifically a generalised linear model was fitted with a log link function. Analysis of each
individual outcome was also conducted to look for relationships obscured by the composite
variable, due to the fact that low birth weight was significantly more common than the other
outcomes, although the power of these individual outcome analyses is limited.
The distribution of the antenatal LMUP score was non-Normal, as is seen elsewhere, [3, 11,
12, 37–39] and the SRQ score was positively skewed. The relationship between the antenatal
LMUP score and the postnatal SRQ score was non-linear. We investigated transformations,
including box-cox for the SRQ score and fractional polynomials for the antenatal LMUP
score, but the distribution of the resulting residuals still violated the assumptions of linear
regression so that this method was not used. Next we tried grouping the SRQ score and con-
ducted ordinal logistic regressions but were not able to fit a model that did not violate model
assumptions. We therefore created two binary variables for the SRQ score based on the cut-
points used by Hanlon et al [40] and developed separate multivariable relative risk regression
models at each cut-point using Poisson regression. The cut-points were between 0/1 (no symp-
toms of depression / any symptoms of depression) and between 5/6 (no or any symptoms of
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depression / high symptoms of depression). We also collapsed the antenatal LMUP score into
the recognised groupings of 0–3 (unplanned), 4–9 (ambivalent) and 10–12 (planned) [3].
The variables considered for inclusion in the models (Table 1) were based on our previous
findings of the determinants of pregnancy intention in this setting, which used an a priori con-
ceptual epidemiological hierarchy [41]. Women in the study were interviewed between two
and nine months’ gestation, but the timing of assessment was not found to affect reported
intention in the final model of the determinants of pregnancy intention [41]. Variables found
to be associated with pregnancy intention on that analysis were considered for selection in
these multivariable models if their univariate relationship with the primary outcome was sig-
nificant at p<0�1. Variables were selected for inclusion in the final model following a manual
backwards-stepwise approach using a threshold of p<0.05. Clustering of participants by geo-
graphical area was acknowledged by presenting robust standard errors. All analyses were con-
ducted in Stata 13 (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX:
StataCorp LP.)
Missing data
There were few missing data for antenatal LMUP score (19 women, <0�5%) or postnatal SRQ
score (39 women, 0�9%); these were imputed using mean imputation. Given the small num-
bers this was not expected to introduce bias but the models were rechecked on the non-
imputed data as a sensitivity analysis. There was 22% missing data for birthweight. Babies that
were stillborn or who were born at home or in transit were significantly less likely to have been
weighed at birth, suggesting the data were ‘missing at random’ (ie the missingness can be
explained by other variables). A multiple imputation model using an iterative Markov chain
Monte Carlo method, including anthropometric measurements from the child and the mother
(see S1 Table), was used to impute missing birthweight data. Twenty imputed datasets were
created. There were no missing data for miscarriage, stillbirth or neonatal death, except from
two maternal deaths where the baby’s outcome could not be ascertained.
Ethical approval
The UCL Research Ethics Committee and the College of Medicine Research Ethics Committee
at the University of Malawi granted ethical approval for this research, reference numbers
3974/001 and P.03/12/1273 respectively. All participants gave written informed consent to
take part in this research, by thumbprint if necessary, after they had read the information sheet
and/or had the study explained to them. The participants retained the information sheet and
one copy of the signed consent form; a second copy of the signed consent form was stored in a
lockable cabinet in the main study office. Both ethics committees approved this consent proce-
dure. Local approval to conduct the research in Mchinji District was given by the District
Health Officer and the District Executive Committee.
Table 1. Determinants of pregnancy intention considered for inclusion in the multivariable models.
Variables considered for inclusion in multivariable models
Socio-economic status Primiparity
Woman’s education Partner’s age
Number of live children Woman’s age
Marital status Geographical area
Intimate partner violence Time since last birth
Previous episodes of depression
https://doi.org/10.1371/journal.pone.0205487.t001
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Results
Recruitment and loss to follow-up
Of 5,887 pregnant women identified, 4,244 completed the antenatal interview. Women were
between two and nine months pregnant (median six, mean 5.98) when interviewed. Fig 1
shows that 1174 (71�0%) of the women not recruited had already delivered when visited and
were no longer eligible. Only 42 eligible women declined to participate, less than 1%. Such low
refusal rates in our community-based recruitment suggest that these data are representative of
the population of pregnant women in Mchinji District. The women recruited into the cohort
have been described elsewhere [41] but, in brief, women were aged 15–49 (median 24), over
90% were married and 86% had no education or primary education only. Most women were
Christians and were from the Chewa tribe. Women reported up to 15 previous pregnancies
(median three) and 12 previous births (median two). Almost one in five women had experi-
enced at least one child death and one in twenty had experienced at least one stillbirth,
highlighting how common these adverse outcomes are in women’s lives.
3,986 women were followed up postnatally, as shown in Fig 1, a loss to follow-up of 258
women (6.08%), mostly due to migration. These women were not statistically significantly dif-
ferent with regards to their LMUP score, marital status, education, socio-economic status, par-
ity (once adjusted for age) or birth interval, but were slightly younger (mean age 24�0 versus
25�1, p<0�01). The small loss to follow-up and lack of statistically significant differences
Fig 1. Case flow and outcomes for women recruited and followed up.
https://doi.org/10.1371/journal.pone.0205487.g001
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suggests that the postnatal sample remains representative of pregnant women in Mchinji Dis-
trict. The median time since delivery (miscarriage, live or stillbirth) at postnatal interview was
40 days (IQR 27 to 79 days).
Exposure and outcomes
The participants reported antenatal LMUP scores from zero to 12, reflecting the full range of
intention.
As shown in Fig 1 there were 91 reported miscarriages (2�28% of pregnancies) leaving 3,893
pregnancies from which a total of 3,957 babies were born. Of these 66 were stillbirths, a rate of
16�7 per 1000 births [95%CI 12�9, 21�2], and 3,891 were live births. There were 90 early- or
late-neonatal deaths, a neonatal mortality rate (NMR) of 23�1 per 1,000 live births [95%CI
18�6, 28�4], in keeping with other estimates at the time.
The average birthweight was 3�16kg (standard deviation 0�616g). 13�3% of babies were
LBW (n = 526), in line with contemporary assessments. In total 18�0% of pregnancies
(n = 717) resulted in an adverse outcome for the child.
Women’s postnatal SRQ score ranged from zero to eighteen (median one, IQR 0–3). 34.1%
(n = 1357) reported no symptoms, 52.8% (n = 2101) reported low symptoms (1–5) and 13.0%
(n = 518) reported high symptom levels (�6).
The overall distribution of the antenatal LMUP score and the distributions according to
each adverse outcome are shown in Figs 2 and 3. These give a visual indication of the chang-
ing proportion of unplanned (antenatal LMUP score 0–3) and planned (antenatal LMUP
score 10–12) pregnancies across the adverse maternal, perinatal and neonatal outcomes. The
distribution of the antenatal LMUP score of the women not experiencing miscarriage, still-
birth, LBW and neonatal death is not presented as it is the same as the overall distribution
given the small numbers that experienced each of these outcomes in the context of the size of
the cohort.
Pregnancy intention and postnatal depression
In univariate analysis greater pregnancy intention was significantly associated with a reduced
risk of any symptoms of depression (SRQ�1), RR 0.88 [95%CI 0.83, 0.92] for a planned com-
pared to an unplanned pregnancy, as shown in Table 2.
All the determinants of pregnancy intention were included in a manual backwards stepwise
model selection. Previous episodes of depression, sexual abuse and abuse in the last year
remained significant, as shown in Table 3. Planned pregnancies remained associated with a
significantly lower risk of any symptoms of depression compared to unplanned pregnancies
(adjusted RR 0.90 [95%CI 0.86, 0.95]).
Univariate analysis showed that increasing levels of pregnancy intention were signifi-
cantly associated with a reduced risk of high levels of symptoms of depression (SRQ�6), RR
0.62 [95%CI 0.52, 0.74] for a planned compared to an unplanned pregnancy, as shown in
Table 4.
Once the determinants of pregnancy intention had been added to the model, the relation-
ship between pregnancy intention and postnatal SRQ remained statistically significant
(adjusted RR 0.76 [95%CI 0.63, 0.91] for a planned compared to an unplanned pregnancy).
Intimate partner violence and previous episodes of depression all increased the risk of higher
levels of symptoms of depression between 1.8 and 3.5 fold, as shown in Table 5. The risk of
high symptom levels decreased with each additional year of maternal education and women
having their first baby were at increased risk of having higher symptom levels.
Pregnancy intentions and outcomes: A cohort study
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Pregnancy intention and composite adverse pregnancy outcome
There was no relationship between antenatal LMUP score and the composite adverse preg-
nancy outcome of miscarriage, stillbirth, low birthweight and neonatal death (RR 1�00 [95%CI
0�99, 1�02]) on univariate analysis.
Pregnancy intention and stillbirth
There was some evidence of a broadly linear relationship between antenatal LMUP score and
stillbirth on univariate regression so we used the full antenatal LMUP score in the analysis.
The risk of stillbirth was reduced for every one point increase in the degree of pregnancy inten-
tion, RR 0�94 [95%CI 0�89, 1�00] p = 0.055 on univariate analysis. An exploratory analysis was
pursued.
After manual backwards step-wise model selection the only variable retained was primipar-
ity, as shown in Table 6, and the adjusted risk ratio between antenatal LMUP score and still-
birth was 0�93 [95%CI 0�87, 1�00] p = 0.04) becoming statistically significant.
This suggests that for every one-point increase in antenatal LMUP score (greater intention)
there is an adjusted risk of stillbirth of 0�93. Across the range of the antenatal LMUP score, a
Fig 2. Distribution of antenatal LMUP score overall and by level of maternal postnatal depression symptoms.
https://doi.org/10.1371/journal.pone.0205487.g002
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pregnancy with an antenatal LMUP score of 12 would have 0�42 times the risk [95%CI 0�19,
1.00] of having a stillbirth than a pregnancy with an antenatal LMUP score of zero.
Pregnancy intention and other individual adverse pregnancy outcomes
There was no relationship between antenatal LMUP score and miscarriage (RR 1�01 [95%CI
0.96, 1.06]), LBW (RR 1�00 [95%CI 0�98, 1�02]), or neonatal death (RR 1�03 [95%CI 0�98,
1�08]) on univariate analysis.
Fig 3. Distribution of antenatal LMUP score by miscarriage, stillbirth, low birthweight and neonatal death.
https://doi.org/10.1371/journal.pone.0205487.g003
Table 2. Univariate regression of pregnancy intention and any symptoms of depression.
n (%) with any depression RR 95% Conf. Interval p value
Overall 2619 (65.8)
Pregnancy intention <0.001
Unplanned 921 (71.3) 1 - -
Ambivalent 595 (64.7) 0.91 0.86 0.96
Planned 1103 (62.5) 0.88 0.83 0.92
https://doi.org/10.1371/journal.pone.0205487.t002
Pregnancy intentions and outcomes: A cohort study
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Table 3. Multivariable regression of pregnancy intention and any symptoms of depression.
RR 95% Conf. Interval p value
Pregnancy intention <0.001
Unplanned 1 - -
Ambivalent 0.92 0.87 0.97
Planned 0.90 0.86 0.95
Previous depression <0.001
None 1 - -
1 or 2, <2 weeks 1.04 0.98 1.11
One, > 2 weeks 1.15 1.08 1.21
Both, > 2 weeks 1.09 0.91 1.30
Abuse in the last year 1.15 1.07 1.23 <0.001
Sexual abuse 1.29 1.19 1.40 <0.001
https://doi.org/10.1371/journal.pone.0205487.t003
Table 4. Univariate regression of pregnancy intention and high symptoms of depression.
n (%) with high depression RR 95% Conf. Interval P value
Overall 518 (13.0)
Pregnancy intention <0.001
Unplanned 229 (17.7) 1 - -
Ambivalent 94 (10.2) 0.58 0.46 0.72
Planned 195 (11.1) 0.62 0.52 0.74
https://doi.org/10.1371/journal.pone.0205487.t004
Table 5. Multivariable regression of pregnancy intention and high symptoms of depression.
RR 95% Conf. Interval p value
Pregnancy intention <0.001
Unplanned 1 - -
Ambivalent 0.63 0.50 0.79
Planned 0.76 0.63 0.91
Maternal education (years) 0.96 0.93 0.99 0.003
Previous depression <0.001
None 1 - -
1 or 2, <2 weeks 2.05 1.68 2.52
One, > 2 weeks 2.49 2.04 3.03
Both, > 2 weeks 3.56 2.36 5.38
Abuse in the last year 1.83 1.48 2.27 <0.001
Sexual abuse 2.04 1.48 2.82 <0.001
First baby 1.37 1.14 1.64 0.001
https://doi.org/10.1371/journal.pone.0205487.t005
Table 6. Multivariable regression of pregnancy intention and stillbirth.
Stillbirth
RR 95% Conf. Interval P value
Antenatal LMUP score (per unit) 0.93 0.87 1.00 0.04
First baby 1.80 1.03 3.15 0.04
https://doi.org/10.1371/journal.pone.0205487.t006
Pregnancy intentions and outcomes: A cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0205487 October 18, 2018 10 / 16
Sensitivity analyses of the relationship between antenatal LMUP score and postnatal SRQ
score using the non-imputed data confirmed our findings. For each of the relationships
between antenatal LMUP score and the composite pregnancy outcome, miscarriage, low birth
weight and neonatal death we checked for negative confounding, which was not present.
Discussion
Main findings
Our analyses have found that planned pregnancies are associated with a reduced risk of any
(adjusted RR 0.90 [95%CI 0.86,0.95]) or high symptoms of depression (adjusted RR 0.76 [95%
CI 0.63, 0.91]) compared to unplanned pregnancies in rural Malawi. Many studies have identi-
fied unplanned pregnancy as a risk factor for postnatal depression in high income countries
(see, for example, [42–44]) however there are far fewer data from low income countries and
the findings have been mixed [45].
Having grouped the antenatal LMUP score into the recognised categories of unplanned,
ambivalent and planned, we can see from our analyses that there is a suggestion of a dose-
response relationship between the level of pregnancy intention and the risk of any symptoms
of postnatal depression in both the uni- and multi-variate models (Tables 2 and 3). Though
the difference in risk between ambivalent and planned pregnancies is small and not statistically
significant, the direction of the relationship provides further evidence of the validity of the
measures of both pregnancy intention and depression. The picture is less clear when we com-
pare none/any symptoms with high symptom levels. Here there is a suggestion that women
with ambivalent pregnancies have a lower risk of high symptom levels than women with
planned pregnancies. This difference is not statistically significant and it should be bourne in
mind that the number of women experiencing high symptom levels was low (13%, n = 518),
and that within this the proportion reporting ambivalent pregnancies was also small (18%,
n = 94), meaning that these findings are less precise.
Our robust methodology, collecting the data prospectively, using validated measures of
both pregnancy intention and postnatal depression and carefully selecting confounders based
on a conceptual epidemiology hierarchy [41] lends considerable rigour to these findings. The
fact that we found a suggestion of a dose-response relationship between level of pregnancy
intention and risk of postnatal depression, and that the effect sizes were greater for high symp-
tom levels than any symptoms also provides further evidence of the validity of the assessment
of pregnancy intention and postnatal depression. We would not have been able to look for
such a relationship had we used the DHS question, as this only looks as the issue of the timing
of the pregnancy, and not an overall assessment of the degree of pregnancy intention. Further-
more, the DHS question tends to overestimate the level of pregnancy intention due to recall
bias of ex-post rationalisation [16, 17], which may have prevented us from observing the rela-
tionships between the lower levels of intention (mistimed and unwanted in DHS-terms) due
to smaller numbers.
More planned pregnancies were associated with a significantly reduced risk of stillbirth on
univariate analysis which was slightly enhanced in the multivariable model. These data suggest
that a less planned pregnancy is potentially an important contributory risk factor to stillbirth
in low-income countries. Only one study has previously investigated this, where it was found
that unplanned pregnancies had about double the risk of ‘pregnancy loss’ (miscarriage,
induced abortion or stillbirth) [46]. This potential relationship should be investigated in larger
prospective cohorts.
Until recently, stillbirths have been a neglected topic in global health. Our research suggests
that addressing unplanned pregnancy may have a role to play in tackling stillbirths in low
Pregnancy intentions and outcomes: A cohort study
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resource settings. This could be via primary prevention of unplanned pregnancy through
improving access, uptake, continuation and quality in family planning services, by identifying
women planning a pregnancy and providing health checks, eg for syphilis and other sexually
transmitted infections associated with fetal loss, and by education of healthworkers on the
importance of the preventing unplanned pregnancy for improving maternal and perinatal
health. There is also a role for secondary prevention by identifying women with a current
unplanned pregnancy and supporting them to access appropriate antenatal and delivery ser-
vices to reduce stillbirths.
The lack of relationship between pregnancy intention and miscarriage, LBW and neonatal
mortality was not what was expected from the literature, particularly for LBW. This could be
because most published literature is from high-income countries and there may be genuine
differences in the relationships between pregnancy intention and outcomes in different set-
tings, or the determinants of LBW may vary. For example in low-income countries there is
often greater food insecurity, lower maternal height and poorer gestational weight gain, which
may overwhelm any potential impact of pregnancy intention on birthweight. In this study set-
ting, 54% of children under the age of five are stunted [25] and over half of women in the
study said they ‘never’ or ‘rarely’ had enough to eat; in this context there are clearly much
more important determinants of birthweight than pregnancy intention. Alternatively it could
be due to the bias introduced by the methodologies used in other studies. Replicating our
study methodology in a high-income country would help to determine whether the relation-
ship previously seen in high-income countries is real or an artefact of the study design.
Strengths and limitations
This research has overcome many of the methodological limitations of previous studies in this
area. This is the first study to investigate prospectively the relationship between pregnancy
intention, assessed by a robust measure with established psychometric properties (the LMUP),
and subsequent maternal and neonatal outcomes. Our research also contributes to filling gaps
in the literature by examining understudied outcomes, such as miscarriage and stillbirth, in a
low-income country setting.
The main limitation, which this research shares with other studies, is the lack of informa-
tion about early miscarriages and induced abortions. This will result in an underestimate of
unintended pregnancy and its effect on adverse pregnancy outcome, particularly as most abor-
tions in Malawi and other low resource settings will be unsafe. The lack of a reliable way of
assessing gestation in rural Malawi also meant that pre-term birth could not be studied.
While this study was prospective, we have not conducted a causal or mediation analysis and
therefore cannot comment on how pregnancy intention is associated with adverse outcomes.
Uptake of care and other antenatal, delivery and postnatal factors may be mediators, in which
case some of the effect of unintended pregnancy could be mitigated through preventative ser-
vices. Further studies and analyses are required to investigate this.
Conclusions and implications
Our research has shown that a robust, simple and sensitive scale (LMUP) can be used to iden-
tify women with less planned pregnancies who are at increased risk of postnatal depression
and, possibly, stillbirth. This implies that implementing the LMUP into routine maternity care
would improve identification of women at increased risk of adverse outcomes. Having identi-
fied these women, the healthcare worker could provide additional counselling and support to
enable them to access adequate care and preventative practices. The antenatal LMUP score
could be used to flag women who are at risk of postnatal depression and who should be
Pregnancy intentions and outcomes: A cohort study
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assessed after birth. While provision of mental health services is often limited in low income
countries, following basic training healthcare workers have been shown to be competent to
diagnose common mental health problems and either initiate treatment or refer to specialist
services as appropriate [47]. Until universal screening for postnatal depression is introduced,
this targeted approach should not overburden healthcare workers but would facilitate the
detection of more women at risk of postnatal depression.
Our findings provide evidence of the relevance of the issues of pregnancy planning, postna-
tal depression and stillbirth to low resource settings and can be used to inform context specific
reproductive, maternal and child health policy.
Supporting information




We would like to thank the LMUP team fieldworkers who collected the data and MaiMwana
Project staff who supported the collection of the data during this research as well as all the
women who consented to take part in the study. We would also like to thank Dr Rob Stewart
for his advice on using and analysing the SRQ score and how to measure previous episodes of
depression.
Author Contributions
Conceptualization: Jennifer Anne Hall, Geraldine Barrett, Andrew Copas, Address Malata,
Judith Stephenson.
Data curation: Jennifer Anne Hall.
Formal analysis: Jennifer Anne Hall, Geraldine Barrett.
Funding acquisition: Jennifer Anne Hall, Address Malata, Judith Stephenson.
Investigation: Jennifer Anne Hall.
Methodology: Jennifer Anne Hall, Geraldine Barrett, Andrew Copas, Address Malata, Judith
Stephenson.
Project administration: Jennifer Anne Hall, Tambosi Phiri.
Supervision: Geraldine Barrett, Andrew Copas, Judith Stephenson.
Writing – original draft: Jennifer Anne Hall.
Writing – review & editing: Jennifer Anne Hall, Geraldine Barrett, Andrew Copas, Tambosi
Phiri, Address Malata, Judith Stephenson.
References
1. Tsui AO, McDonald-Mosley R, Burke AE. Family planning and the burden of unintended pregnancies.
Epidemiologic Reviews. 2010; 32(1):152–74. http://dx.doi.org/10.1093/epirev/mxq012.
2. Bachrach CA, Newcomer S. Intended pregnancies and unintended pregnancies: distinct categories or
opposite ends of a continuum? Fam Plann Perspect. 1999; 31(5):251–2. PMID: 10723654.
Pregnancy intentions and outcomes: A cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0205487 October 18, 2018 13 / 16
3. Barrett G, Smith SC, Wellings K. Conceptualisation, development and evaluation of a measure of
unplanned pregnancy. J Epidemiol Community Health. 2004; 58:426–33. https://doi.org/10.1136/jech.
2003.014787 PMID: 15082745
4. Barrett G, Wellings K. What is a ’planned’ pregnancy? Empirical data from a British study. Soc Sci Med.
2002; 55:545–57. PMID: 12188462
5. Petersen R, Moos M. Defining and measuring unintended pregnancy: Issues and concerns. Women
Health Iss. 1997; 7(4):234–40. https://doi.org/10.1016/S1049-3867(97)00009-1
6. Santelli JS, Rochat R, Hatfield-Timajchy K, Gilbert BC, Curtis KM, Cabral R, et al. The Measurement
and Meaning of Unintended Pregnancy. Perspectives on Sexual and Reproductive Health. 2003;
35:94–101. PMID: 12729139
7. Santelli JS, Lindberg LD, Orr MG, Finer LB, Speizer I. Toward a multidimensional measure of preg-
nancy intentions: evidence from the United States. Stud Fam Plann. 2009; 40(2):87–100. PMID:
19662801.
8. Speizer IS, Santelli JS, Afable-Munsuz A, Kendall C. Measuring factors underlying intendedness of
women’s first and later pregnancies. Perspect Sex Reprod Health. 2004; 36(5):198–205. PMID:
15519962.
9. Stanford JB, Hobbs R, Jameson P, DeWitt MJ, Fischer RC. Defining dimensions of pregnancy intend-
edness. Matern Child Health J. 2000; 4(3):183–9. PMID: 11097506.
10. Rassi A, Wattimena J, Black K. Pregnancy intention in an urban Australian antenatal population. Austra-
lian and New Zealand journal of public health. 2013; 37(6):568–73. PMID: 24892156.
11. Rocca CH, Kimport K, Gould H, Foster DG. Women’s emotions one week after receiving or being
denied an abortion in the United States. Perspect Sex Reprod Health. 2013; 45(3):122–31. https://doi.
org/10.1363/4512213 PMID: 24020773.
12. Roshanaei S, Shaghaghi A, Jafarabadi MA, Kousha A. Measuring unintended pregnancies in postpar-
tum Iranian women: validation of the London Measure of Unplanned Pregnancy. East Mediterr Health
J. 2015; 21(8):572–8. PMID: 26446528.
13. Cheney K, Sim KA, D’Souza M, Pelosi M, Black KI. Unintended pregnancy amongst an early pregnancy
clinic cohort: Identifying opportunities for preventative health interventions. Aust N Z J Obstet Gynaecol.
2016; 56(4):426–31. https://doi.org/10.1111/ajo.12466 PMID: 27135463.
14. Borges AL, OlaOlorun F, Fujimori E, Hoga LA, Tsui AO. Contraceptive use following spontaneous and
induced abortion and its association with family planning services in primary health care: results from a
Brazilian longitudinal study. Reprod Health. 2015; 12:94. https://doi.org/10.1186/s12978-015-0087-7
PMID: 26470703.
15. Backhausen MG, Ekstrand M, Tyden T, Magnussen BK, Shawe J, Stern J, et al. Pregnancy planning
and lifestyle prior to conception and during early pregnancy among Danish women. Eur J Contracept
Reprod Health Care. 2014; 19(1):57–65. https://doi.org/10.3109/13625187.2013.851183 PMID:
24229390.
16. Joyce T, Kaestner R, Korenman S. On the validity of retrospective assessments of pregnancy intention.
Demography. 2002; 39(1):199–213. PMID: 11852837.
17. Rosenzweig MR, Wolpin KI. Maternal Expectations and Ex Post Rationalizations: The Usefulness
of Survey Information on the Wantedness of Children. The Journal of Human Resources. 1993;
28(2):205–29.
18. Lindberg L, Maddow-Zimet I, Kost K, Lincoln A. Pregnancy Intentions and Maternal and Child Health:
An Analysis of Longitudinal Data in Oklahoma. Maternal and Child Health Journal. 2014. https://doi.org/
10.1007/s10995-014-1609-6 PMID: 25287250
19. McCrory C, McNally S. The effect of pregnancy intention on maternal prenatal behaviours and parent
and child health: Results of an irish cohort study. Paediatr Perinat Epidemiol. 2013; 27(2):208–15.
https://doi.org/10.1111/ppe.12027 PMID: 23374066.
20. Flower A, Shawe J, Stephenson J, Doyle P. Pregnancy planning, smoking behaviour during pregnancy,
and neonatal outcome: UK millennium cohort study. BMC Pregnancy and Childbirth. 2013; 13(238).
21. Fourn L, Ducic S, Se´guin L. Risk factors associated with low birth weight: A multivariate analysis.
Cahiers Sante. 1999; 9(1):7–11.
22. Mohllajee AP, Curtis KM, Morrow B, Marchbanks PA. Pregnancy intention and its relationship to birth
and maternal outcomes. Obstetrics and Gynecology. 2007; 109(3):678–86. https://doi.org/10.1097/01.
AOG.0000255666.78427.c5 PMID: 17329520.
23. Wado YD, Afework MF, Hindin MJ. Effects of maternal pregnancy intention, depressive symptoms and
social support on risk of low birth weight: A prospective study from Southwestern Ethiopia. PLoS ONE.
2014; 9(5).
24. UNDP. Human Development Report. 2017.
Pregnancy intentions and outcomes: A cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0205487 October 18, 2018 14 / 16
25. Malawi DHS. Malawi Demographic and Health Survey. Zomba, Malawi, and Calverton, Maryland,
USA: NSO and ICF Macro, 2010.
26. Polis CB, Mhango C, Philbin J, Chimwaza W, Chipeta E, Msusa A. Incidence of induced abortion in
Malawi, 2015. PLOS One. 2017. Epub pril 3, 2017. https://doi.org/10.1371/journal.pone.0173639.
27. Bowie C, Geubbels E. The Epidemiology of Maternal Mortality. The Epidemiology of Malawi. Second
ed. Malawi: Department of Community Health, College of Medicine; 2013.
28. Lewycka S. Reducing maternal and neonatal deaths in rural Malawi: Evaluating the impact of a commu-
nity-based women’s group intervention: University College London; 2010.
29. Hall JA, Barrett G, Mbwana N, Copas A, Malata A, Stephenson J. Understanding pregnancy planning in
a low-income country setting: validation of the London Measure of Unplanned Pregnancy in Malawi.
BMC Pregnancy Childbirth. 2013; 5(13):200. https://doi.org/10.1186/1471-2393-13-200 PMID:
24188251
30. Rabin RF, Jennings JM, Campbell JC, Bair-Merritt MH. Intimate partner violence screening tools: a sys-
tematic review. Am J Prev Med. 2009; 36(5):439–45 e4. https://doi.org/10.1016/j.amepre.2009.01.024
PMID: 19362697.
31. Stewart R, Kauye F, Umar E, Vokhiwa M, Bunna J, Fitzgerald M, et al. Validation of a Chichewa version
of the Self-Reporting Questionnaire (SRQ) as a brief screening measure for maternal depressive disor-
der in Malawi, Africa. J Affect Disord. 2009; 112:126–34. https://doi.org/10.1016/j.jad.2008.04.001
PMID: 18504058
32. Malawi DHS. Malawi Demographic and Health Survey. Zomba, Malawi, and Calverton, Maryland,
USA: NSO and ICF Macro, 2004.
33. Stewart RC, Bunn J, Vokhiwa M, Umar E, Kauye F, Fitzgerald M, et al. Common mental disorder and
associated factors amongst women with young infants in rural Malawi. Soc Psychiatry Psychiatr Epide-
miol. 2010; 45(5):551–9. https://doi.org/10.1007/s00127-009-0094-5 PMID: 19609476.
34. Malawi NSO, UNICEF. Malawi Multiple Indicator Cluster Survey 2006, Final Report. Lilongwe, Malawi:
National Statistical Office and UNICEF, 2008.
35. Chilale HK, Tugumisirize J. Depression among mothers in Mzuzu: Prevalence and its associated fac-
tors (unpublished).
36. Hall J, Benton L, Copas A, Stephenson J. Pregnancy intention and pregnancy outcome: systematic
review and meta-analysis. Matern Child Health J. 2017; 21(3):670–704. https://doi.org/10.1007/
s10995-016-2237-0 PMID: 28093686
37. Lakha F, Glasier A. Unintended pregnancy and use of emergency contraception among a large cohort
of women attending for antenatal care or abortion in Scotland. Lancet. 2006; 368(9549):1782–7. https://
doi.org/10.1016/S0140-6736(06)69737-7 PMID: 17113427.
38. Morof D, Steinauer JE, Haider S, Liu S, Darney P. Evaluation of the London Measure of Unplanned
Pregnancy in a United States Population of Women. PLoS ONE. 2012; 7(7):e35381. https://doi.org/10.
1371/journal.pone.0035381 PMID: 22536377
39. Wellings K, Jones KG, Mercer CH, Tanton C, Clifton S, Datta J, et al. The prevalence of unplanned
pregnancy and associated factors in Britain: findings from the third National Survey of Sexual Attitudes
and Lifestyles (Natsal-3). Lancet. 2013; 382(9907):1807–16. https://doi.org/10.1016/S0140-6736(13)
62071-1 PMID: 24286786.
40. Hanlon C, Medhin G, Alem A, Tesfaye F, Lakew Z, Worku B, et al. Impact of antenatal common mental
disorders upon perinatal outcomes in Ethiopia: the P-MaMiE population-based cohort study. Tropical
medicine & international health: TM & IH. 2009; 14(2):156–66. https://doi.org/10.1111/j.1365-3156.
2008.02198.x PMID: 19187514.
41. Hall JA, Barrett G, Phiri T, Copas A, Malata A, Stephenson J. Prevalence and Determinants of Unin-
tended Pregnancy in Mchinji District, Malawi; Using a Conceptual Hierarchy to Inform Analysis. PLoS
ONE. 2016; 11(10):e0165621. Epub 31st October 2016. http://dx.doi.org/10.1371/journal.pone.
0165621. PMID: 27798710
42. Al Dallal FH, Grant IN. Postnatal depression among Bahraini women: Prevalence of symptoms and psy-
chosocial risk factors. Eastern Mediterranean Health Journal. 2012; 18(5):432–8.
43. Kokubu M, Okano A, Sugiyama T. Postnatal depression, maternal bonding failure, and negative atti-
tudes towards pregnancy: A longitudinal study of pregnant women in Japan. Archives of Women’s Men-
tal Health. 2012; 15(3):211–6. https://doi.org/10.1007/s00737-012-0279-x PMID: 22526407.
44. Mercier RJ, Garrett J, Thorp J, Siega-Riz AM. Pregnancy intention and postpartum depression: Sec-
ondary data analysis from a prospective cohort. BJOG: An International Journal of Obstetrics and
Gynaecology. 2013; 120(9):1116–22.
45. Fisher J, Cabral de Mello M, Patel V, Rahman A, Tran T, Holton S, et al. Prevalence and determinants
of common perinatal mental disorders in women in low- and lower-middle-income countries: a
Pregnancy intentions and outcomes: A cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0205487 October 18, 2018 15 / 16
systematic review. Bull World Health Organ. 2012; 90(2):139G–49G. https://doi.org/10.2471/BLT.11.
091850 PMID: 22423165.
46. Assefa N, Berhane Y, Worku A, Tsui A. The hazard of pregnancy loss and stillbirth among women in
Kersa, East Ethiopia: A follow up study. Sexual and Reproductive Healthcare. 2012; 3(3):107–12.
https://doi.org/10.1016/j.srhc.2012.06.002 PMID: 22980735.
47. Rahman A, Fisher J, Bower P, Luchters S, Tran T, Yasamy MT, et al. Interventions for common perina-
tal mental disorders in women in low- and middle-income countries: a systematic review and meta-anal-
ysis. Bull World Health Organ. 2013; 91(8):593–601I. Epub 2013/08/14. https://doi.org/10.2471/BLT.
12.109819 PMID: 23940407.
Pregnancy intentions and outcomes: A cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0205487 October 18, 2018 16 / 16
